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Technetium-99m Sestamibi Tomography in Patients With Spontaneous
Chest Pain : Correlations With Clinical, Electrocardiographic and
Angiographic Findings
LUC BILODEAU, MD, PIERRE THEROUX, MD. FACC, JEAN GREGOIRE, MD,
DANIEL GAGNON, PHD, ANDRE ARSENAULT, MD
Mnnrrrnl, Quebec' . Cm+udn
The sensitivity and specificity of technetium-99m hexakiv-2-
methoxy-2-isohutyl-isonitrile
(sestamibi) single-photon emission
computed monographic (SPECTI
imaging for the diagnosis of
coronary artery disease were studied in 45 patients admitted to the
hospital for clinical suspicion of unstable
angina. Only patients
without prior myocardial infarction were included and all patients
had lechnctium-99m sestamibi injection and a 12-lead electrocar .
diagram (ECG) during and
re4
h after an episode of chest pain .
Coronary angiography performed in all patients during hospital .
ration
showed significant coronary artery disease (>50% luminal
diameter reduction) in 26 of the 45 patients
.
The SPECT studies obtained alter injertion of technetium-99m
sestamibi during an episode of spontaneous ctest pain showed a
sensitivity of 96% for the detection of coronary artery disease
; the
12-teed ECG obtained. a t the time of the injection had a sensitivity
of 35% . With the patient in the pain-free state, respective
sensitivity values were 65% and 38% . Specificity for the radionu-
Patients with spontaneous chest pain often represent a
diagnostic challenge
. In many cases. objective evidence that
the pain is cardiac in origin is provided by serial enzyme
determinations and a 12-lead electrocardiogram (ECU), par-
ticularly if the tracing is recorded during a chest pain
episode . However, because both tests often yield false
negative ref-Its, coronary angiography may be performed
(1,2). in patients with a more typical pattern of unstable
angina or with already documented coronary disease, diag-
nostic objectives frequently include assessment of the sever-
ity and extent of ischemia. identification of the culprit lesion
and estimation of prognosis .
The usefulness of technetium-99m hexakis-2-methoxy-2.
isobutyl-isonitrile (sestamibi) in the diagnosis of myocardial
ischemia has been amply documented in patients with stable
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elide study was 79% during pain and 84% in the pain-free state ;
for the ECG, it was 74% both during and between episodes of
pain
.
The siteof the perfusion defect corresponded to the most severe
coronary artery lesim, in 88% of patients . The severity of the
perfusion defect correlated
with the indent of coronary artery
disease ; the defect score was 5.3
± 3
.3 with our-ves el disease,
4.9 ce 2.8 with ton-vessel disease and 10 .5 x 5 .0 with three-vessel
disease (p < 0.01). Persistence of the perfusion defect in the
pain-free state was associated with a larger initial defect (p < 0.05)
and with involvement of the left anterior
descending coronary
artery (p < 0.05).
This study demonstrates a high accuracy of technetium-99m
sestamibi SPECT studies for the detection of coronary
disease and
the identification of the involved coronary arteries in patients with
spontaneous chest pain .
(J Am Coll Cardiof 1991 ;18:1684-91)
coronary artery disease (3-5) . Single-photon emission com-
puted tomography (SPELT) further improves
the diagnostic
yield (6) . Technetium-99m sestamibi is distributed through-
out the myocardium in proportion to blood flow and, unlike
thallium-20t, shows minimal redistribution (7). The advan-
tages of these properties in unstable isehemic states in which
the occurrence of myocardial ischemia cannot be predicted
and a provocative test is relatively contraindicated have
already been recognized in acute myocardial infarction (8-
10), Injection of the radionuclide marker before reperfusion
defines an area at risk, whereas repeated injections allow
quantification of early and
late recovery of the perfusion
defect.
In this study, we evaluated the potential diagnostic use-
fulness of technetium-99m sestamibi SPECT in patients
hospitalized for spontaneous chest pain and a presumed
diagnosis of unstable angina.
Methods
Patient selection . Screening of patients for possible par-
ticipation in the study was perforated between January 1989
and April 1990 in the emergency room and coronary care
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unit of our institution . Eligibility criteria included an admis-
sion diagnosis of chest pain at rest at least suggestive of
unstable angina, the absence of a previous well documented
myocardial infarction, planned coronary angiography by the
treating physician and informed consent from both the
patient and the treating physician . Patients were enrolled in
the study if while awaiting coronary angiography, they
experienced an episode of chest pain of sufcicnt duration to
allow injection of technetium-99m sestamibi before the pain
disappeared . Most patients were being treated with intrave-
nous infusions of heparin and nitroglycerin. The administra-
tion of additional intravenous or sublingual nitroglycerin at
the time of chest pain was delayed until I loin after the
injection of technetium-99m sestamibi, allowing for the
recording of a 12-lead ECG during pain . To ode out acute
myocardial infarction, blood levels of total creation kinase
and its MB fraction were obtained on admission and every
6 h for 48 h and every 12 h for another 43 h . Additional
samplings were obtained as required in the presence of
recurrent chest pain .
For the purpose of the study
. technetium-99m sestamibi
was prepared every rooming and afternoon and kept on
standby in the nuclear medicine laboratory
. As soon as
possible after identification of a qualifying episode of chest
pain, 25 to 30 mCi (0.9 to 1 .1 gBq) of tachnetium-99m
sestamibi was injected intravenously . The 12-lead ECG and
:echnetium-99m sestamibi injection were repeated 24 to 48 h
after the first injection, all patients having then been free of
chest pain for a minimum of 4 h . Coronary angiography was
performed I to 9 days after the initial study . The scinti-
graphic results were not made available to the treating
physician until after coronary angiography to avoid bias and
interference with the early management of patients . All
scintigmphic studies were analyzed by an experienced nu-
clear medicine specialist who had no knowledge of the ECG
and coronary angiographic findings . Results were stored
prospectively in a data bank ; analyses and correlations were
performed after enrollment of the last patient
.
ECG analysis. A 12-lead ECC was obtained simulta-
neously with the injection of tec!metium-99m sestamibi and
repeated at the time of the second injection . All ECGs were
interpreted without knowledge of other patient data : they
were considered abnormal in the presence of ST segment
depression or elevation >I mV or T wave inversion in at
least two contiguous leads, or both . In the presence of
abnormal repolarization on the ECG obtained in the absence
of chest pain, an additional 1-mV ST segment depression,
new ST segment elevation, further deepening of negative T
waves or pseudonormalization of previously negative T
waves was required for the diagnosis of significant changes
during pain .
Teehnelium-99m sestamibi acquisition . Scintigraphic ac-
quisitions were performed I to 6 h after the injection of
technetium-99m sestamibi on a large field of view single-
photon emission computed tomographic )SPECT) camera
equipped with a low energy, high resolution, parallel hole
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Figure 1 . The two-dimensional polar map display of the technetium-
99m sestamibi cingle-photon emission computed tomographic study
iz divided into 75 sectors to locate and quantify the perfusion
defers. Mean normalized values far each sector ± I SD are shown
.
The coronary artery torte ponding to the canvas sectors is indi-
aatcd . LAD = left
-,rim-
descending . LCx = left eireumnex and
RCA - fight coronary artery .
collimator . Sixty-four projections
were acquired over a 360°
variable elliptic orbit on a 64 x 64 x 16-byte matrix with a
zoom or 1 .44 . Twenty seconds per projection was used when
the acquisition bas performed <3 h after the technetium-
99m sestamibi injection (43 patients) and 30 slprojeetion
when performed later (2 patients) . A 2013 symmetric energy
window centered on the 140-keV peak was used . Processing
was done using filtered back-projection with a Butterworth
filter (cutoff 0 .7, order 8) without attenuation correction .
Short-axis slices
. each I-pixel thick (6 .4 mm) . were recon-
structed and displayed as a two-dimensional polar map (It)
.
Technetium-99msestamibiquantification . Twenty-fivere-
gions of interest of equal size were, automatically generated
an each polar map display and the relative uptake in each of
these sectors determined and normalized to the uptake of the
sector with the highest count, which was set at 100
. Values
for each sector were compared with the value of the come-
! pending sector obtained from a file of technetium-99m
sestamibi SPECT studies performed at rest in 15 normal
volunteers (9 female, 6 male) with a probability of coronary
artery disease of < 1 % (Fig . 1) .
A .rerror ores I onsidered abnormal when its uptake devi-
ated by >2 SD below the normal mean value . Defect size
was calculated as the ratio of the number of abnormal
sectors to the total number of sectors. Defect intensity was
defined as the ratio of average normalized counts from the
abnormal sectors to the corresponding normal mean values
subtracted from I
. A global defect score was calculated as
the product of defect size and defect intensity . A study was
considered abnormal when its global score was >I .
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The 25 rertors were divided into three areas correspond-
ing to the areas irrigated b)
•
each of the three major
cornrrarr arteries (Fig . I). The area containing the majority
of the abnormal sectors was used to indicate which of the
three coronary arteries was the culprit.
Coronary angiography . Coronary angiography was per-
formed by a percutancous transfemoral approach using
preformed catheters a mean of 4 days (range I to 9) after the
first scintigraphic study . Each artery was filmed in four to six
projections, ia,,;uding angulated views in the sagittal plane
(12). All images were recorded on 35-mm film at 50 frames/s,
reviewed on a Tagarno projector and interpreted by a
consensus of three independent observers unaware of the
clinical condition of the patients . Stenoses of coronary
vessels were coded according to the criteria of the American
Heart Association (l3) . Stenoses of large diagonal or mar-
gnal branches were considered lesions of the left anterior
descending or circumflex coronary artery- respectively
.
When a bypass graft was present, significant coronary artery
disease was diagnosed if a stenosis was present in the graft
or the grafted coronary artery that compromised distal blood
flow . Stenoses with >-50% luminal diameter reduction were
considered significant.
Statistical analysis . Standard chi-square tests were used
to compare discrete data ; the unpaired t test was used for
continuous data, When mom than two sets of data were
evaluated, an analysis of variance was performed . The
grading of chest pain was expressed as a median and range
and analyzed by the Mann-Whitney test . Regression analy-
ses were used as needed to correlate quantitatively the
defect scores to other variables . Data are expressed as mean
values * I SD. A p value <0.05 was considered significant,
Results
Patient characteristics . A total of 45 patients (24 men and
21 women) with a mean age of 58 years (range 29 to 76) were
enrolled in the study. Seventeen patients had previously
documented and 8 had suspected coronary artery disease
; I I
patients had had coronary angioplasty and 5 had undergone
coronary bypass surgery . Twenty patients had no previous
history of coronary artery disease
. By entry criteria, no
patient had evidence of previous myocardial infarction .
Chest pain was considered atypical in 21 patients and typical
of myocardial ischemia in 24 .
Five patients received the technetium-99m sestamibi in-
jection shortly after admission during a prolonged episode of
chest pain : in the 40 other patients, the imaging agent was
injected at the time of recurrence of chest pain, described
subjectively as typical for the patient and similar to the
admission chest pain
. The radionuclide agent was available
for injection in all patients within 10 min after determination
of eligibility. "The severity of chest pain at the exact time of
the radionuclide in was graded by the patient on a
scale of I (least severe) to 10 (most severe)
; the median was
6 (range 2 to 10). In the five patients studied at admission,
IACC Vol . Ia . No . 7
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Figure 2. Two-dimensional polar maps obtained after technetium-
99m sestamibi injections during (top) and after (bottom) an episode
of chest pain. The perfusion defect during chest pain involves the
sectors of the right coronary artery territory, with some extension in
the scptal, apical and lateral areas . The pain-free study Ibottoml
demon,trates a smaller residual defect .
injection of technetium-99m sestamibi was performed 60,
120. 120. 180 and 240 min, respectively . after the onset of
pain . In all others, it was always injected within 30 min
(mean 14 ± 7).
Technetium-99m sestamibi studies during chest pain . Sin-
gle-photon emission computed tomography (SPECT) per-
formed after the first injection showed a perfusion defect inn
29 patients (Fig. 2) and no defect in 16 . Both the size and
the intensity of the perfusion defects varied widely among
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patients . The defect score averaged 61 t 3 .9 (range
I-'- to
16 .2). A mean of 25 --
117 of sectors were involved per
patient (range 8% to 4451- More severe chest pain was more
often associated with a perfusion defect
. the median chest
pain rating was 7 ;range 2 to 10) when a defect was present
compared with 6 (range I to I0) when absent (p -. 0.06), t he
time elapsed ber.veen the onset of pain and injection did not
correlate with whether or not the test was positive 113 c
8 min with and 12
t
6 min without a perfusion defect) .
Tit
entv'five
of the 29 patients afth o posits a siaw-
grnphit'stadv
dud one or titre sign ifrnrlI rurunnn- stennws
and 4 did not. Of the latter four patients . one had a partially
reversible defect score of 10 .8 involving six inferior wall
sectors, 40% stenosis of the right coronary a rtery . ST
segment elevation in the inferior Ieaas during pain and
angiographically documented coronary artery spasm . A sec-
ond patient with a 2
.6 defect score involving three inferior
wall sectors had 3055. stenosis of the right coronary artery
and a previous history of prolonged chest pain : the basal
SPECT study was unchanged compared with the one during
pain, suggesting a previously undetected inferior myocardial
infarction . The third patient had a 9 .6 partially reversible
defect score involving eight anterior sectors during pro-
longed chest pain . The ECG at that time showed
:foal
fibrillation but no ischemic changes . Coronary angiographic
results were normal
. The fourth Patient had a completely
reversible 7 .3 defect score in eight anterior sectors with
transient ST segment elevation during path
: coronary angi-
ography in this patient with previous bypass surgery shooed
no significant graft disease and complete rcvascularization .
Coronary spasm was suspected and the patient died sud-
denly at home I week later.
Only I of the 26 patients Irith signiftratrt r'oronan' .veno-
sis had n normal Bran during pain .
This patient was a
60-year old woman with atypical chest pain . a normal ECG
and two-vessel coronary disease with 60S, stenosis of the
proximal left anterior descending artery and 50% stenosis of
the distal nondominant circumflex anerv .
The overall sensitiriti of' terloterium-99ai eio"tmttihi
SPECT obtained druitrg pant for the detection of angio-
graphic coronary artery disease was 96ri 125 of 26) and the
specificity was 791. (15 of 19) . hicluding the two patients
with coronary spasm in the group with coronary dis,,ase
increased the specificity for the detection of myocardial
ischemia to 88% (I5 of 17) .
'(lee .lean defect .rare was 5 .3 3
.3 in the I I patients
with one-vessel disease . 4.9
.
2 .8 in the 10 with two-' e :,cl
disease and 10 .5 '_ 5 .0 in the 4 with three-vessa disease (p <
0 .01) . Defect size was . respectively, 23 , ffi . 24 _ 104-
and 32 --
105 of sectors (p < 0.05) . Left anterior descending
corona((' artery disease present in I I patients wus associated
with a trend to a higher defec' score (7
.5 -
4.3) and defect
size 139 t 1071 compared with value, in the 14 patient, vith
predominantly left circumflcx or right coronary artery dis-
ease(4 .4t3.413and2' IOCi .respenicelyI(p=0 .(161
. The
severity of the coronary stenosis did not predict score or size
1681
of the J,1', -t slenoses 575f2 (mean 64 = 12%) had a mean
score of 7 . : - 3 .7" .lenses ranging from 75`i to 957 (mean
05 - 6'% ) . had a core of 6.6 - 4.6 and those with complete
occlosiou had 'a ,cure of 4,4 ' 2 .7 (p = 0 .3) : corresponding
defect size, acre, respectively . 31 t (241 . 26
-
I 1 1,i and 20
IIS Ip=(( ._1.
"1'eehnetium-99n1 sestainihi studies in the basal state . Fight
patients dlh coronary artery disease and a perfusion defect
during pain had complete reversal of the pelfusion defect on
scintigraphy performed after injection during the pain-free
state 13 patents showed a partial improvement
. defined Os'
a dilfernncc of -1 in global score between the two studies
and 4 had no improvement . A perfusion defect not present
on the lint scintigraphtc study did not appear in any patient .
When a perfusion defect was present, it was smaller on the
second scintigrphic study (3.6 a 2 .4 vs 7"4 2 3 .91 (p <
0 .0001) .
Orrrail . the basal stwiv .hubs
I o perfnsioti
deli it
in 20
path sr)" of,, hom 17 had siforificant coronas artery disease .
The s-
msitivity of the test for the diagnosis of coronary
artery disease was thus 65°r (17 of 2
_6) and the specificity u a,
84 ( I6 of 19)
. fatal or partial reversibility of a perfusion
defect had a en, itivity of 817 CI of 2
_6) and specificity of
844/ 116 of 19) for the prediction of significant coronary
artery disease .
Tits >
,,o, rftheglobal de/r,t x, ore ohtow d al tit,
se, and rrim7sraphir ttndv
strongly and independently cor-
related ,cith a higher defect scare on the first stud, (p <
1),011 . Also predictive of score sc-verify en the second studs
was the number of diseased vessels: the global defect score
,,as 1 .1 :: 3 .2 in patients with one-vessel disease, 2 .8 t 3 .0
in those with two-vessel disease and 3.2 3 .1 in those with
three-ves,cl disease Ip < O .Oi compared with one-vessel
disease)
. The left anterior descending coronary artery was
not associated with a higher score (2 .7 1 .7 vs 2 .5 = 2 .5
with imolccment of the left circumflex or right coronary
arlcr, I . A, observed on initial scintigraphy . a trend to less
severe global scores was present with more severe sienuses :
3
.4 - 2 .6 wish lenses <7544, 2 .6 _ .7 with stenoses
between 70'r and
95Si
and 1 .2'- 2.0 with complete occlusion
Ip = (1 .31 . "[he mean percent stenosis was 77
-- 197, in
patients with and 94 0 941 in patients without a persistent
defect (p <
Ovt*mina ns of rerovery
. Complete recovery was more
frcgw:m with a smaller initial defect score occurring in 6 of
I I patients with an initial score <5, in 2 of 9 patients with a
score hela'een i and 7 and in none of the 9 patients with a
defect scorc =7 (p < 0.05). Complete recovery was also
more frequent with left circumflex or right coronary artery
involvement (7 of 14 patients compared with I of I I patients
+rich Ictl anterior coronary artery disease) Ip < 0 .051 . Pa-
t-'I' with one-vessel disease also showed a trend to more
frequent complete recovery (5 of I I patients compared with
3 of 14 pa: tents with multivessel disease) (p = NS) . Quanti-
mtive analysis of the extent of recovery revealed a ,ignifi-
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cant negative
correlation
with the severity of coronary artery
disease (r
-
0.4 . p < 0
.05) .
ECG changes. In 14 patients, ST segment or T wave
changes were present on the ECG obtained during pain
: ST
segment depression in 8, ST segment elevation in 2, T wave
inversion in? and pseudonorralizatian of negative T waves
in 2 . In 9 of these 14 paricnts, the ECG changes were rot
present as the ECG obtained in the absence of pain and in 5
they were present but less marked. Overall, the pain-free
ECG was normal in s0 patients and abnrr:nal in 15
.
The sensitivity of nn e
.hnorrnsl ECG obtained in the
absence of pain for lite diagnosis r f coronan, artery disease
was 38% (10 of 26) and the specificity 74% ((4 of 19)
; changes
during pain ;tad a sensitivity of 35% 19 of 26) and specificity
of 74% (14 of 19)
. Any ECG changes witn or without pain
had a sensitivity of 65% (17 of 26) and specificity of 63% (12
of 19)
. When the two patients with coronary spasm were
included in the coronary artery disease group, the overall
specificity of any ECG
hanger
increased to 71% (12 of 17) .
Correlation with coronary anatomy. The correlation ob-
served between the coronary angiographic findings and the
results of the ECG and technetium-99m sestamibi SPECT
studies are illustrated in Figures 3 and 4. In the II patients
with one-vessel disease and a perfusion defect, the site of the
defect always correlated with the location of the coronary
artery stenosis
. In patients with multivessel disease, the
defect correlated with the most severe lesion in I) patients
and with a less severe but significant coronary stenosis in the
3 others . Thus, technetium-99m sestamibi studies correctly
identified the coronary artery lesion responsible for the
ischemia it at least 88% of cases .
When present, ECG changes also correlated well with the
site of the coronary stenosis . They located the coronary
artery lesion correctly in 5 of 6 patients with one-vessel
disease and the most severe coronary artery stenosis in 9 of
I I patients with multivessel involvement .
Comparative sensitivity and specificity . The comparative
true and false positive ratios of clinical, ECG and isotopic
studies for the diagnosis of coronary artery disease are
summarized in Figure 5
. Clinical and ECG criteria had a
sensitivity <70% ; their combination increased the sensitivity
to 86% but resulted in only 37% specificity. Technetium-99m
sestamibi SPECT improved both true and false positive
ratios beyond values observed with the other tests used
separately or in combination . Tine sensitivity was optimal
when the radionuclide agent was injected during chest pain .
Discussion
This study documents the usefulness and feasibility of
technetium-99m sestamibi single-photon emission computed
tomography (SPECT( for the diagnosis of coronary artery
disease in patients with spontaneous chest pain and a clinical
diagnosis of unstable angina . An excellent correlation was
found bet'veon the location of the perfusion defect and the
angiographic site of significant coronary stenosis and,
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Figure 3 . Technetium-99m (Tc-99m) sestamibi single-photon emis-
sion competed tomographic, coronary angiographic and electrocar-
diographic (ECG) findings in 25 patients with significant coronary
artery disease . The patients are classified according to the location
of the most severe coronary obstmetion on angiography. The
number of diseased vessels for each patient is indicated in paren-
theses in the corresponding number in the column . The results of the
technetium.99m sestamibi studies performed during chest pain are
shown in the left column and the ECG findings both during or in the
absence -upain in the right column . The sensitivity can be calculated
from these data, as well as the concordance between corocary
anatomy, :cintigraphic and ECO results . J ST = ST segment
depression ; T neg = T wave abnormality indicating ischemia ; other
abbreviations as in Figure I .
sumabiy, with the coronary lesion responsible for ischemia .
Quantification of the size of the perfesion defect and its
reversibility may add further information on the extent and
severity of the conmary disease .
The study group. We excluded patients with previous
myocardial infarction and patients with an acute evolving
infarction to better characterize the potential of technetium-
99m sestamibi in the investigation of spontaneous chest pain .
The study group is otherwise representative of patients
admitted to hospital with "best pain severe enough to
warrant cardiac catheterizalion . Most patients had recur-
rence of pain in the hospital . Coronary angiography revealed
significant coronary artery disease in 26 patients and its
absence in 19. This high proportion without significant
coronary stenosis is unusoai among patients undergoing
a5C0 Vol . 1e. Nc .
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Figure 4. Technetium.99m (re-991x) restammi siggie-
phomn cr1.0 on csoputed tomogr.,phic studies after
Injection during chest pain and oiectrocardiogmphic
CCGIfindings 1n19patientswithout,ignik ant
.orenurp
nnery disease
. Data arc presumed as in Figure 3 . when
present . the site ut the perfusion defect or ECG changes
are also indicated in the corresponding column, . Spcci-
tlciii can he calcaleled from then- data . j ST -
5T
sepneol elevanon . One, aWe-forts as in inure 33
catheteneat
:on tar unstable angina and may he espluioad h1
the absence of strict selection criteria
. oilh many pill ones
undergoing the procedure to rule out coronary arrant/ dis.
ease- This high number of cases without significant disease
allows accurate characlerization of the specificity of
the test .
Figure 5 . Sonsitivlty and specificity of the serious
nom-11.
s e
procedures used in the study for the diagnosis of significant coro-
nary artery disease
. Technetiorm99m sestamihi single- photon emis-
sion computed tamagraahie ISPECTI studies obtained oaring tic
pain-free state (trail have a highs ,eutitivits boot the decuocar
diagram IECCI obtained during (Pami or between iBasall epi,eJe,
of pain and a similnrscn,itivity to any ECG ch;urge, (Ary EM and
to the presence or typical symptoms of angora ICiinie
.JL Tcchno
tium-99m Seslamibi injection during chest pain (Pain) theses a higher
senshirhy drag with any other combination criteria . The pruscnce of
a totally or partially reversible technetium-99m se,mmibi defect
IReversihlet also has a high sencitiuity . The 'peclh 6-y or the
leehnninm-99m seuamihi SPFCT <tndir, is hie!her than scah :mg of
the clinical and FCC criteriai
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Rnsenee of s!gW lleenl
disumse
Detection of significant coroner, artery disease
. The wit-
If scinligrlphr Ate, 'lie infection of technetium-99m
te,ta ohi daring an episode of chest pain approached
ll!ll' in this
This +vn,iilivity was higher lee that
ohudncd by coolhining clinical and ECG data either dui-
ing ,r in nc insular of episodes of pain . -l his high sensitie-
itt cra, coup ad ceilh a specificity ihnl t . also beucr
than that obtained with any of the other noninvasive data .
Furthermore evidence existed in at lease too of the pa-
tKna . .^I.
1
" aiso Icst and nOsigoilic-Ini _
„
;;r;
disese Ihlu ischcmia was indeed prevem and cross,' by
coronary pasm . the information provided by technelium-
99m, sect .unihi Imaging mar in many instances be additive
to abut of conmarr angiograph)- ailosarc correlallons ho-
tr=een the c Yno
m s anatomy and the extent and severity of
ischcmi,a .
Technical and practical considerations . The feasibility of
mpocardlal imaging during chest pain has proviously been
Jrcchmcnted tare h Il
;allium-'_01 at is
-
n srnA!f 'cries
!:f
(,afiynl
t
u Ith v,reospaslic angina (14
.
l
ot
. A transient perfusion defect
u.tts present in all h patient; with ST segment elevation
during chest pain and in 19 of 21 patients with ST segment
depre-rvo ea pseudortnrmalization of negative T eaves- In
the netting of emergency clinical studies. thallium-?01 is not
an ideal Imaging agent . Early
redistribution
with this agent
requires immedi:de imaging, which may interfere with pa.
riunt m anagement. in contrast, redislribut:an is minima! with
techectium-99m seshmlibi and imaging can be performed up
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. suited for current
imaging systems, and more optimal dosimetry- allowing
higher dosage .
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TFCNN[F1UM.YIo SFSTAMIOI IN SPONTANEOUS ANGINA
tients with spontaneous chest pain therefore needs prepara-
tion of batches of reagent . Leftover batches, if unused for
other clinical applications, could be spoiled, resulting in high
and possibly prohibitive cost . This problem iv minimized in
Canada . where technetium-99m sestamibi can be purchased
on a per study basis instead of per vial so that the unused
technetium-99m sestamibi does not have to be paid for.
Alternative methods of technetium-99m sestamibi pre-
paration could also be considered to optimize cost effective-
ness .
Scintigraphicstudiesin the basal state. Scintigraphicstud-
ics obtained after injection of technetium-99m sesiamibi in
the basal state in the absence of pain showed a perfusion
defect in nearly two-thirds of the patients with significant
coronary artery disease . The sensitivity was at least equal to
and the specificity was higher than values obtained with
clinical or ECG criteria . Previous thallium-201 studies ob-
tained during pain-free periods in patients with unstable
angina have also documented a high frequency of reversible
defects . Such defects were observed in 39% of the 98
patients studied byW
ackers ct al . (16) and were predictive of
a more complicated clinical course . Brown el al . (17) found
a perfusion defect in 58% of 31 patients
: such defects were
more frequent in patients with effort angina than in those
with spontaneous angina only
. Smaller studies of patients
with unstable angina have documented perfusion deficits in
757, of 20 Patients (18) and perfusion defects or washout
abnormalities in 82% of 33 patients (19). Berger et al, (20)
demonstrated in 14 patients that the site of the perfusion
defect generally corresponded to the most severe coronary
artery lesion. The sensitivity observed in our study using
icchnet um-99m sestamibi during pain-free periods was sim-
ilar to that of those previous studies .
The high incidence of a positive rest result in the absence
of
chest pail can he explained by nmur fitcmrs
. An evolving
acute myocardial infarction or an unrecognized prior infarc-
tion could explain the result in some patients, as was likely
in at leant one of our patients with similar abnormal findings
in the territory of a nonsignificant coronary artery stenosis in
tests performed in the presence and absence of pain . An-
other plausible explanation in some patients could be the
presence of silent ischemia or hibernating myocardium distal
to a severe stenosis . Asymptomatic ST segment depression
during the acute phase of unstable angina is reported in up to
501 of patients (21) .
Improved regional myocardial function
can also be observed after successful coronary angioplasty
(22) . Patients with a defect in the absence of pain are
probably the same patients who manifest a thallium-201
defect at rest with delayed redistribution .
Technetian-99m sestrunibi exinatian by the mvocardtcd
(ell
might be not only related to blood flow, but also
influenced by cellular metabolic activity . T ne high frequency
of perfusion defects observed in this study, with injections
performed =4 h after chest pain, could suggest that uptake is
altered by some metabolic postischemic dysfunction or
stunning state (23) . Similar findings have been observed (24)
JACC v-I . 19 . vn. -,
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with serial technetium-99m sestamibi studies in acute myo-
cardial infarction, with late recovery between 24 h and I
week . However. the improvement observed at I week could
be explained by a less severe coronary obstruction as a
result of spontaneous or pharmacologic thrombolysis . Fur-
ther, there is experimental evidence (25) that stunning itself
does not result in abnormal membrane transport of techne-
tium-99m sestamibi . In our study, we did not characterize
regional wall function at the time of the technetium-99m
sestamibi injection and therefore cannot correlate perfusion
and function. An alternative hypothesis to explain the late
deficits is a diminution in microcirculatory flow after sport
taneous angina, Clinical studies are necessary to further
address this issue in patients .
Identification of the culprit lesion . A corollary of a high
sensitivity for imaging the presence of regional myocardial
ischemia would be the identification of the site of ischemia
and thus of the culprit coronary lesion . Indeed, in this study,
the coronary lesion in patients with one-vessel disease was
always correctly identified. This finding suggests that the
culprit lesion will also be identified in patients with multi-
vessel disease, facilitating decision-making for patient man-
agemen . .
Determinants of the size of the perfusion defect . The
severity of the perfusion defect observed after studies during
chest pain correlated primarily with the number of diseased
vessels and secondarily with the site of the coronary artery
lesion . The absence of a correlation with the severity of the
coronary stenosis may be surprising and could have oc-
curred by chance alone. Another possibility is that the
severity of the coronary lesion was assessed a few days later
when the processes leading to acute reduction of blood flow
could have been partly resolved .
The second scintigraphic study, performed when the
patient was pain free, anti closer to the time of coronary
angiography, also showed a negative correlation with the
seventy of the coronary stenosis . This finding could suggest,
at least in patients with complete coronary obstruction, that
collateral circulation has developed, attenuating recurrent
ischemia and favoring more complete recovery of the perfu-
sion defect . Such a poor correlation between the severity of
the stenosis and the perfusion defect has also been noted
with treadmill exercise thallium-201 studies, It has been well
documented (26,27) that perfusion cannot be estimated from
the visual assessment of coronary artery stenosis by coro-
nary angiography . In our study, the main determinant for the
severity of the perfusion defect in the basal state was the
severity of the perfusion defect observed on scintigraphy
during chest pain .
The significance of the intensity and size of the perfusion
defect needs to be further investigated . Our results suggest
that these variables could be useful in assessing the extent of
coronary artery disease and the amount of myocardium at
jeopardy. The impact of defect size and severity on progno-
sis in this clinical syndrome remains to be defined .
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